Abstract: This paper presents the biocorrosion of city sewer collectors impregnated with special polymer sulphur binders, polymerized sulphur, which is applied as the industrial waste material. The city sewer collectors are settled with a colony of soil bacteria which have corrosive effects on its structure. Chemoautotrophic nitrifying bacteria utilize the residues of halites (carbamide) which migrate in the city sewer collectors, due to the damaged dampproofing of the roadway and produce nitrogen salts. Chemoorganotrophic bacteria utilize the traces of organic substrates and produce a number of organic acids (formic, acetic, propionic, citric, oxalic and other). The activity of microorganisms so enables the origination of primary and secondary salts which affect physical properties of concretes in city sewer collectors unfavourably.
Introduction
Within the last fifty years, synthetic polymers have been employed to modify concretes (polymercement concretes, polymer impregnated concretes), and even to the production of concretes (resin concretes). The obvious aim was always "better concrete" [1] [2] [3] [4] [15] [16] [17] . The general material concept of polymer concretes covers -from the technological point of view -the process during which the monomers, oligomers, pre-polymers or polymers are introduced into the concretes mix and, if chemically active, undergo to polymerization or polycondensation, usually initiated by catalysts [2] [3] [4] [5] [6] [7] [8] [24] [25] [26] [27] [28] .
Polymer impregnated concretes (PIC), obtained by impregnation of the hardened concretes by monomer or * E-mail: ksiazekmariusz@wp.pl pre-polymer and further polymerization of the modifier inside the concrete; these composites have very high mechanical strength (compressive strength above 140-150 MPa) and good chemical resistance. The impregnation can be superficial (partial) or through [1-4, 9-15, 28-32] .
The polymer can be introduced into concretes together with the mixing water (PCC), added to the concretes mix (PCC i PC), or, as the result of the specific technological operations, "forced" into the hardened concretes (PIC). The polymer concretes are also varied by the degree of substitution of the Portland cement: cementless in the case of PC; in PMC the content of polymer does not exceed 4-7% of the cement mass; in PCC the content of polymer may reach up to 30-40% of the cement mass (however, most often not more than 5-20%) [1-4, 33-37, 39-42] .
The Polymer Impregnated Concretes, PIC, are basically different from all other types of polymer concretes. In this case, the polymer is introduced into the hardened cement concretes. The result of this is an extraordinary increase of the tightness, manifesting itself by tenfold or even twentyfold downfall of the absorbability, from 5% for unmodified concrete to 0.30% -0.15% for impregnated concretes [2] [3] [4] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] .
The consequence of filling of the pores with polymer is also twofold to fourfold increase of compressive strength, twofold to threefold increase of tensile strength and fourfold decrease of the diffusion coefficient. PIC show more than three times lower creep. PIC have very high chemical resistance, significantly decreased penetration of chloride ions and improved frost resistance. Practically, the only disadvantage of PIC is the sudden mode of failure; modulus of elasticity can reach 40-50 GPa. This inconvenience can be eased, to some extent, by introduction of the suitable impregnating co-polymers [1] [2] [3] [4] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
We can assume, therefore, that we have in disposal the perfect concretes, durable and with excellent technical features. The polymer impregnated concretes are known for 40-50 years, yet they are not widely implemented [2] [3] [4] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] .
The microbial corrosion represents an integral part of the concretes weathering in city sewer collectors impregnated with special polymer sulfur binder where polymerized sulfur applied as the industrial waste material. It becomes evident optically by patinas, efflorescences, pulverization and/or formation of fine cracks in the city sewer collectors concretes revetment. The presence of microbes on the concretes is generally limited above all, by the amount of nutrients, exposure to the cardinal points, texture, material composition and concretes moisture content [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [33] [34] [35] [36] [37] [38] [39] [40] .
Experimental measurements evidenced convincingly that the main cause of the increased up to very high moisture content in the city sewer collectors impregnated special polymer sulfur binder -polymerized sulfur applied as the industrial waste material construction body (the arches up to 17%, the piers up to 35%) is the rain water seepage as a result of the deteriorated damp-proofing and, in the arch parts which are abutting on the piers, also of the diffusion by capillary elevation [2] [3] [4] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] .
A limited efficiency of the water vapour sorption is also observed which is due to the largely increased humidity of the environment over the sewers and which is accompanied by the water vapour diffusion into the city sewer collectors construction body. During the spring season, the water vapour condensation on cold surfaces of the concretes must also be added to the above causes. In addition, the city sewer collectors material composition is heterogeneous [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [40] [41] [42] [43] [44] .
Description of investigations. Materials and methods
The compositions of the special polymer sulfur binder (polymerized sulfur) applied as the industrial waste material: sulfur: 98,860% (S8), oil: 1,130% , the ash: 0,010%, producer "Siarkopol" Tarnobrzeg Sp. z o.o. The special sulfur binder applied as the industrial waste material view of the Figure 1 [33] [34] [35] [36] [37] [38] [39] [40] . The results of the preliminary tests were analysed and the special polymer sulfur binder (polymerized sulfur) applied as the industrial waste material in the industries objects having the best properties among the tested composites was selected for further studies. The information relating preparations special polymer sulfur binder (polymerized sulfur) applied as the industrial waste material is given in Table 1 . A view of the special sulfur binder applied as the industrial waste material presents in Figure 2 [33] [34] [35] [36] [37] [38] [39] [40] . The Composition of cement concretes of city sewer collectors impregnated special polymer sulfur binder presents in Table 2 . A view of the studied and estimated municipal collectors sewer special polymer sulfur binder -polymerized sulfur applied as the industrial waste material is presented in Figure 3 
Investigation results
This diversity of used materials makes it difficult to select the uniform and comparable method in processing the results. This is also the reason why no significant dependence between the concrete pH value and the total amount of micro flora in the concretes was found out. Only in several places of the bridge the increased number of bacteria was corresponding to the lower pH value of the concretes and the other way round. Analogically no dependence between the water average content in the concretes and the total amount of microorganisms was found. High concentrations of bacteria, was found even in relatively low moisture content in the concretes in several samples, which can be explained by a massive contamination of the concretes surfaces with dust containing germs of microbes. It was evident from the results that chemoorganotrophic microorganisms grew mostly up to the depth of 2-4 cm while their numbers decreased mostly at the depth of 7-9 cm considerably and that their growth and numbers were dependent on the oxygen access. However, there were several exceptions. The large amounts of germs were found also at the depth of 7-9 cm in the second and eighth piers and in the fourth, ninth and thirteenth arches. Figure 2 . Special sulfur binder [33] [34] [35] [36] [37] [38] [39] [40] .
The main components of the biomass of black crusts were the micrococci together with the representatives of Bacillus genus. On the pulverized concretes and arkoses dark-pigmented micromycetes were found which belonged under the family Dematiaceae.
The massive occurrence of microorganisms similar to yeast was also remarkable; however, their cultivation was not successful. In the concrete layers near the surface the representatives of genera Bacillus, Micrococcus, Comamonas, Pseudomonas, Proteus and some forms of bacteria and fungi that have not yet been identified till now were found.
This was evident in all drill holes which affected this area (the environs of the drill holes above and below this level were always sterile). The microbic recesses found had no relation to the material composition of the piers (concretes and concretes impregnated with special polymer sulfur binder). The occurrence of the aerobic flora did not correlate with the moisture progressing as well. The objective explanation of this phenomenon is missing for the time being (cracks in the piers).
Aerobic nitrifying bacteria were found only in the superficial layers almost every time. However, as their numbers in the concretes increased in some cases, we speak of the bacteria with nitrifying properties. For example the heterotrophic nitrification Aggregate comes from the processing of the rocks of sandstone.
Aggregate makes up the waste from the processing of the rocks of sandstone.
by chemoorganotrophic bacteria Pseudomonas and Alcaligenes.
The sulphur and anaerobic bacteria were present at greater depths (7-9 cm); in arches also at high concentrations (more than 1.10 6 germs in one gram sample). The cultivatable forms of micromycetes appeared sporadically and were of no crucial importance in the concrete degradation process. Disregarding the immediate level of the concretes moisture content, most of germs were found in arches.
As the moisture content in the concretes increased mostly in the mentioned areas, we propose that just these places can be indicative for leakages. The different conditions affecting leakages into the city sewer collectors construction body can be demonstrated also by following results. Whereas the maximum microflora concentration at the feet of the city sewer collectors piers was found on the concrete surface in 55-60%, the maximum of the microbial settlement in the city sewer collectors arches was concentrated at the depth of 7-9 cm in 60% samples, Figure 4 . A view of studied concrete samples [33] [34] [35] [36] [37] [38] [39] [40] .
at the depth of 5-6 cm in 22% samples and on the surface in 22% samples. Therefore, in the city sewer collectors arches the prevailing source of moisture and nutrients exists inside the construction body of city sewer collectors. Also urea-based halites accelerated the development of urobacteria and nitrifying bacteria. Urobacteria (the representatives of Bacillus, Sarcina, Micro coccus, Pseudomonas genera) decomposed the urea under the simultaneous formation of the ammonium carbonate, which was transformed finally into the nitric acid by nitrifying bacteria. This acid reacted with the concrete mineral components by which nitrates were produced. The KNO 3 rephrase goes on participating in the formation of salt crusts and degrades the concretes surface structure considerably, NO 3 salts, like NO 2 salts produced by nitrifying bacteria, are prevailing on the surface and/or up to the depth of 5 cm, Thanks to the migrating abilities of these salts the rise of nitrates was observed even at the depth of 9 cm in some cases. As proved by chemical analyses, microorganisms produce aminoacids (asparagine, proline, leucine and others) and organic acids (citric, oxalacetic, oxalic, formic acids) in the concretes which weaken the concretes binder component under the simultaneous formation of salts (citrates, oxalacetates, oxalates, formates). Aminoacids and, above all, organic acids produce, together with metals contained in the concretes minerals, the specific complexes. This concerns especially citric acid (KC = OH·C·(CH 2 -CO-OH) 2 -CO-OH) whose OH and COOH groups generate with Fe 3+ and other metals the double complexes of type 1:1 Fe 3+ KC, The conformation of complexes (chelates) affects the biodegradability of single molecules and the liberation of ions of single metals into the condensate on the concretes surfaces in city sewer collectors [32] [33] [34] [35] [36] [37] [38] .
Also microbic aminoacids (Pseudomonas putida) are capable to solubilize Ca, Zn, Ni and Al ions from the corresponding sulphates and oxides in similar way. Mn 3+ and Mn 4+ are also quickly liberated from the concretes by the specific microbic ferments. During all these processes the degradation of the crystal lattice of clay minerals occurs, which results in the deep deterioration of the concretes structure that is also reflected in the accelerated transport of water and water vapour into the anorganic building materials. During last ten years, 24 minerals were identified gradually in the form of efflorescences and in the porous system of the studied concretes ashlars by the X-ray and microanalyses.
Not only pressures of microbic salts in the concretes, which accelerate then the formation of micro cracks and largely increase the instability of the concretes surface layers, but also the migration of "brines" in the rock porous system, are of the crucial hydrating and recrystallizing importance in the concretes degradation process. This migration may result in the formation of minerals in the porous system, or may reach the surface and cause the origination of minerals of the surface crusts -the efflorescences. In the degraded concretes of city sewer collectors there are mostly present various forms of bassanite (CaSO 4 · 1 2 H 2 O), gypsum (CaSO 4 ·2H 2 O), thenardite (Na 2 SO 4 ), mirabilite (Na 2 SO 4 ·H 2 O) and mixed Na, K -alums, thermonatrite (Na 2 CO 3 ·H 2 O), nitrokalite (KNO 3 ), nitronatrite (NaNO 3 ), halite (NaCl) [33] [34] [35] [36] [37] [38] [39] [40] .
Despite the fact that it cannot be expected that the newly formed minerals were produced by the activities of microorganisms in all cases, their effect cannot be underestimated at all. The minerals that participate in the concretes destruction can have their source in the city sewer collectors structure core and can reach the surface by the migration by means of "brines", can "be leached, concentrated or be depleted during such transport", and other "forms of salt solutions" and, thus, also communities of salts can be produced under the influence of microorganisms. A view of the crystals of minerals on the surface presents in Figure 5 . The resulting mineral associations assume then the looks of mineral coats (Figure 51-4) , isolated crystals on the surface of the primary minerals of concretes ( Figure 5(5-8) ) or mixed salts of the same kind with striking features of corrosion and regeneration ( Figure 5(9-12) ). Nor associations of stable and unstable mineral forms either are the exception as it can be observed from the example of the tack-like gypsum, slightly etched halite and nitronatrite ( Figure 5(13-16) ). In the porous system there can appear also the mineral shapes that are striking from the morphology viewpoint ( Figure 5(17-20) ). Some associations of water-soluble salts are also interesting, be there concerned the tabletlike crystals ( Figure 5(21-24) ) or the thin-needle crystals of halotrichite or pickeringite ( Figure 5(25-28) ) [32] [33] [34] [35] .
Conclusion
It is apparent that the surface treatment of concrete specimens with special polymer sulfur binderpolymerized sulfur applied as the industrial waste material, reduces water, aggressive liquid and sewers penetration.
Results of chemical and microbiological analyses of the sand concretes evidence the pervasive growth of the content of nitrates and nitrites as a result of the decomposition of urea-based halites. At the same time the numbers of microorganisms which produce nitrates, sulphates, citrates, salicylates, oxalacetates, formates, oxalates and other substances, which clog or open the concretes pores and contribute to the transport as well as transformation of minerals contained in the concretes, increase on the concretes considerably.
Salts, owing to their hygroscopic qualities, receive or liberate water in compliance with changes of the equilibrium of internal and external environments. In this way hydration and crystallization pressures arise, while hydration pressures are more dangerous than the crystallization ones, as they are variable in dependence on the climate fluctuations as in the course of a year, as also often during one day.
Hydration and recrystallization pressures of microbic salts in the concretes accelerate the formation of micro cracks in the concretes and increase the instability of surface layers considerably. Results of mineralogical analyses evidenced conductively the occurrence of crystals of chlorides, nitrates, water-soluble sulphates and urea.
